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Description 

FIELD OF THE INVENTION 

[0001] This invention relates generally to films and containers made from high density polyethylene. More specifically 
this invention is directed toward films and containers having low water vapor transmission rates, while maintaining 
better physical properties than films or containers fabricated with materials having similar water vapor transmission 
rates. 

BACKGROUND OF THE INVENTION 

[0002] Polyolefins have been used as packaging materials for several decades. Among the properties provided by 
polyolefin packaging materials are durability, ease of machineability, protection of packaged contents, and printability. 
[0003] In the segment of the market where polyolefin based packaged products are used for protection, there are 
several types of protection sought depending upon the products packaged, their desired shelf life, and the environment 
to which the packages and their contents are to be subjected. One of the key elements that a polyolefin protective 
package (or a package including a polyolefin) can provide is a resistance to moisture or water vapor transmission. This 
resistance can either keep moisture away from packaged contents or alternatively keep moisture in packaged contents. 
In either case, generally, the higher the water vapor transmission resistance per unit of film or container thickness, the 
more economical the package. 

[0004] One of the most common polyolefin polymers valued for its moisture or water vapor transmission rate (WVTR) 
is high density polyethylene (HDPE). Generally HDPEs are those which have densities at or above 0.940 g/cm3. 
Generally, the higher the density, the better a resin's WVTR for a given package thickness. However, as with many 
such physical properties, there are tradeoffs, because as the resin density is raised to improve or decrease the WVTR 
(leading to a lower water vapor transmission value), at least some physical properties of a film or container manufac- 
tured from the higher density materials will generally be poorer than those of a film or container produced by lower 
density materials. These poorer physical properties can manifest themselves in, for instance, increased splittiness or 
lack of balance in tear properties of a film, or greater tendency for crack propagation in a container. Accordingly, package 
designers and converters would generally like to have improved physical properties at the same or similar WVTR, or 
in the alternative, improved WVTR at similar densities. Alternatively, these designers or converters could, by utilizing 
films or containers made from the resins of an embodiment of the present invention, have lower (better) WVTR, than 
from resins previously obtainable (with both resins having the same or similar densities). 

[0005] Applications for which such high density products can be used include films for cookie and cracker packaging. 
In these particular cases, the object of the package is not only to hold the contents, but also to provide resistance to 
moisture vapor transmission (from the environment to inside the package) which would diminish the shelf life of the 
contained cookies, crackers, or the like, where the shelf life is determined by the time it takes the products to pick up 
sufficient moisture to render them stale. In cookie and cracker packaging applications for example the general object 
of the barrier layer is to substantially keep moisture out or to slow its ingress. 

[0006] In other types of packaging applications, pouches and pails, where the contained material is hygroscopic, for 
instance, detergent powders, the same function of slowing ingress of moisture is generally performed. On the other 
hand, there are also packaged products which contain moisture and which if reduced in moisture-content through, for 
instance, evaporation to the atmosphere, would destroy or impair the function of the contained products. In all of these 
cases the package is depended upon to prevent the transmission of water vapor in one direction or the other. 
[0007] WO 95/02630 discloses metallocene catalyst systems that can be used to produce polymers having not only 
excellent strength, sealing, and optical properties, but having superior water vapor transmission rates. The polymers 
are disclosed to have use in the packaging industry. A film is disclosed having at least one layer having a density less 
than 0.935 g/cm 3 , a M^Mp less than 3, a CDBI greater than 80%. The layer includes a resin having a density of 0.90 
g/cm 3 and a WVTR of less than 2.25 g-mil/100 in 2 /day (0.887 g.mm/m2/day). 

[0008] In the past, higher density polyethylenes were needed to achieve a certain WVTR, alternatively a second 
layer could be used to provide other properties, often relatively poor in HDPE; for instance, physical properties such 
as tear resistance, and/or mechanical properties such as heat seal, not generally available from such a HDPE. However, 
such combinations may result in added costs and may effect other important properties necessary to the packaging 
industry. 

[0009] EP 0 310 290 A2 discloses high density polyethylene films blended with microcrystanine wax, then oriented 
to give purported dead fold and water vapor transmission characteristics. 

[001 0] EP 0 539 047 A1 discloses a biaxially oriented high density film of at least 50% (wt) of a polyethylene density 
of 0.960 or greater and a larger biaxially oriented polypropylene film. The film is said to be a barrier to transmission of 
water vapor. 
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[001 1] Therefore, a need exists for a barrier polymer from which a film or container can be fabricated such that the 
fabricated article will have relatively low water vapor transmission rates combined with improved physical properties. 

SUMMARY OF THE INVENTION 

5 

[001 2] It has been discovered that certain metaltocene catalyst systems can be used to produce polyethylenes which 
when converted into films, sheets, or containers having not only excellent physical properties, such as balanced tear 
resistance and higher dart drop impact, but also having superior water vapor transmission rates as well. These polymers 
or barrier polymers of the invention are particularly well suited for use in the packaging industry, specifically in those 
10 applications in which the combination relatively low water vapor transmission rates and improved physical properties 
are desirable. 

[001 3] In certain embodiments of this invention a polyethylene resin comprises at least one layer of a film or container 
or is a constituent of such layer. This layer has a density in the range of from 0.935 to 0.965 g/cm 3 , a MJM n less than 
3, a M z /M w less than 2.5, a M z+1 /M w less than 4, and an article made using the resin has a water vapor transmission 
15 rate up to 0.54 g-mil/100 in 2 /day (0.213 g-mm/m 2 /day), preferably up to 0.4 g-mil/100 in 2 /day (0.158 g-mm/m 2 /day); 
the resin will elute volatiles including < C 20 (determined on GC/MS chromatography) of less than 100 wppm; and a 
hexadecene volatiles level of less than 10 wppm. The film or container will have either a single layer or multilayer 
construction and the resin can be coextruded, laminated or blended with other materials. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The foregoing aspects, features and advantages of the present invention will become clearer and more fully 
understood when the following detailed description, appended claims are read in conjunction with the accompanying 
drawings, in which: 

25 

Figure I illustrates water vapor transmission rates as a function of film thickness comparing films of certain versions 
of this invention made with metallocene catalysts versus films made from resins produced by traditional Ziegler-Nat- 
ta catalysts. 

Figure II illustrates WVTR (g-mil/100 in 2 /24 hr.) (g- mm/m 2 /24 hr.)as a function of resin density for both conventional 
30 Ziegler-Natta catalyzed resins converted into film, and metal locene-catalyzed resins (a version of this invention) 

converted into film. [Note LL-3001 and LL-1 001 are conventional Ziegler-Natta catalyzed low density polyethylenes 
available from Exxon Chemical Company. "MPE" is metallocene-catalyzed linear polyethylene with a density of 
0.918 g/cm 3 (an experimental resin).] 

35 DETAILED DESCRIPTION OF THE INVENTION 

Introduction 

[0015] This invention concerns certain high density polyethylene polymers, their production into fabricated articles 
40 such as film, containers, articles made from such films and containers, and applications in which such articles having 
relatively low water vapor transmission rates combined with good physical properties are desirable. These resins have 
unique properties particularly well suited for use in producing certain classes of polymeric films, film composites, bags 
or pouches made from the film, containers and articles made therefrom. 

[0016] Principally, these resins and articles made from them are used in packaging applications, specifically those 
45 applications requiring good water vapor transmission rates, for example, food and chemical packaging. The resulting 
films or containers have combinations of properties rendering them superior to films or containers, previously available. 
[0017] In an embodiment of this invention the resins, when converted into films or containers would surprisingly and 
unexpectedly have low water vapor transmission rates for a given density when compared to a film or container made 
from a resin previously available at the same or similar densities. Following is a detailed description of certain preferred 
so polymers, films, or containers made from these polymers, and articles made from the films or containers, within the 
scope of the present invention. Also disclosed are preferred methods of producing theses polymers and preferred 
applications of these polymers. Those skilled in the art will appreciate that numerous modifications to these preferred 
embodiments can be made without departing from the scope of the invention. For example: Though the properties of 
the polymer are exemplified in film applications, they will have numerous other uses. To the extent my description is 
55 specific, it is solely for the purpose of illustrating preferred embodiments of my invention and should not be taken as 
limiting the present invention to these specific embodiments. 

[001 8] I have discovered that certain metallocene catalyst systems produce polymer resins that are highly desirable 
for use in certain film and container applications. Generally, these resins have a narrow molecular weight distribution 
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and narrow composition distribution, compared to polymers produced from conventional Ziegler-Natta, or chromium 
based catalysts. 

[0019] It will be appreciated by those of ordinary skill in the art that the polyethylene resins of certain embodiments 
of the present invention, can be combined with other materials, depending on the intended function of the resulting 

5 film or container, composition or structure, or packages made from such films or containers. As an example of such 
combinations, blown films of high density polyethylene having an ethylene vinyl acetate heat sealable coating can be 
used for food packaging. Such heat seal layers can be applied by any known manner to the high density polyethylene. 
For example the heat seal layer can be applied or formed, by extrusion coating, coextrusion coating, or by coextrusion 
of the high density material with a heat seal material or materials. Other types of heat seal materials include but are 

10 not limited to ethylene copolymers with monomers of vinyl acetate, ethylenically unsaturated acrylic acid esters such 
as ethylacrylate, butylacrylate, methylacrylate, and/or acrylic acid, methacrylic acid, terpolymers including combina- 
tions of these monomers, ionomers, lower density (below 0.935 g/cm 3 ) ethylene cc-olefin co or terpolymers (such as 
VLDPE, ULDPE and plastomers) and combinations thereof. 

[0020] Other methods of improving WVTR and/or improving physical properties of the film or container may be used 

15 in addition to use of the resins described herein without departing from the intended scope of my invention. For example, 
including additives to improve the WVTR, such as wax and/or hydrocarbon resins, is not excluded by the present 
invention. Also, it is well known that manipulation of a film by changing quench conditions during melt processing and/ 
or orienting the film, either monoaxially or biaxially, and/or by irradiating the film will have an effect on WVTR and/or 
physical properties. Such mechanical or other treatment or manipulation is not excluded by this invention. 

20 [0021] Films or containers employing the resins of certain embodiments of the present invention can be oriented, 
annealed, or crosslinked just as may be done with films or containers from previously available resins. Additionally, 
the resins of the present invention can be made into film by processes including blown or cast film manufacturing 
techniques. Containers may be made by injection molding, blow molding, extrusion blow molding, thermoforming and 
the like. In such extrusion processes, the resins of the present invention can form a single layer film or container, or 

25 one layer of a multi-layer film or container. Alternatively, the resins of the present invention can be formed or utilized 
in the processes disclosed above where the resins are included in a blend where blend components well known to 
those in the industry. The blend components can function to modifiy barrier, opacity, sealing, cost, or other functions 
that will be known to those of ordinary skill in the art. The resin of the present invention may also be included in extrusion 
coated or laminated structures. 

30 [0022] The films or composite structures are often used to package foods such as crackers, cookies, salted snacks, 
meat, cheese, deli items; and alternatively household cleaning compounds or industrial cleaning compounds such as 
dishwashing compounds, laundry compounds, bleach, floor cleaning and waxing compounds, glass cleaning com- 
pounds, abrasive cleaners, and combinations thereof. Such cleaning compounds or products may be liquids, slurries, 
and powders. 

35 

Production of the Resins 

The Catalyst Used in the Production of the Resins 

40 [0023] The polyethylene resins used in this invention are preferably produced using a supported metallocene catalyst. 
Metallocene catalysts are typically those bulky ligand transition metal compounds derivable from the formula: 

[L] m M[A] n 

45 

where L is a bulky ligand; A is at least one halogen leaving group, M is a transition metal and m and n are such that 
the total ligand valency corresponds to the transition metal valency. Preferably the catalyst is four coordinate such that 
the compound is ionizable to a 1 + valency state. 

[0024] The ligands L and A may be bridged to each other, and if two ligands L and/or A are present, they may be 
so bridged. The metallocene compound may be full-sandwich compounds having two or more ligands L which may be 
cyclopentadienyl ligands or cyclopentadiene derived ligands or half-sandwich compounds having one ligand L, which 
is a cyclopentadienyl ligand or derived ligand. 

[0025] The metallocene compounds contain a multiplicity of bonded atoms, preferably carbon atoms, forming a group 
which can be cyclic. The bulky ligand can be a cyclopentadienyl ligand or cyclopentadienyl derived ligand which can 
55 be mono- or poly-nuclear or any other ligand capable of r\-5 bonding to the transition metal. One or more bulky ligands 
may be re-bonded to the transition metal atom. The transition metal atom may be a Group 4, 5, or 6 transition metal 
and/or a transition metal from the lanthanide and actinide series. Other ligands may be bonded to the transition metal, 
such as at least one halogen as a leaving group that is detachable from the transition metal. Non-limiting examples of 
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metallocene catalysts and catalyst systems are discussed in for example, U.S. Patent Nos. 4,530,914, 5,124,418, 
4,808,561, 4,897,455. Also, the disclosures of EP-A-01 29,368, EP-A-0520732, EP-A-0277003, EP-A-0277004, EP-A- 
0420436, WO 91/04257, WO 92/00333, WO 93/08221, and WO 93/08199 are cited. 

[0026] Various forms of the catalyst system of the metallocene type may be used in the polymerization process of 
5 this invention. Exemplary of the development of metallocene catalysts in the art for the polymerization of ethylene is 
the disclosure of U.S. Patent No. 4,871,705 to Hoel, U.S. Patent No. 4,937,299 to Ewen, et al. and EP-A-0 129 368 
published July 26, 1989, and U.S. Patent Nos. 5,017,714 and 5,120,867 to Welborn, Jr.. These publications teach the 
structure of the metallocene catalysts and include alumoxane as the cocatalyst. There are a variety of methods for 
preparing alumoxane; one of which is described in U.S. Patent 4,665,208. 
w [0027] Further, the metallocene catalyst component of the invention can be a monocyclopentadienyl heteroatom 
containing compound. This heteroatom is activated by either an alumoxane alone or an alumoxane and an ionic acti- 
vator to form an active polymerization catalyst system to produce polymers useful in this present invention. These 
types of catalyst systems are described in, for example, PCT International Publications WO 92/00333, WO 94/07928, 
and WO 91 /04257, U.S. Patent Nos. 5,057,475, 5,096,867, 5,055,438 and 5,227, 440 and EP-A-0 420 436. In addition, 
15 the metallocene catalysts useful in this invention can include non-cyclopentadienyl catalyst components, or ancillary 
ligands such as boroles or carbollides in combination with a transition metal. Additionally it is not beyond the scope of 
this invention that the catalysts and catalyst systems may be those described in U.S. Patent No. 5,064,802 and PCT 
publications WO 93/08221 and WO 93/08199 published April 29, 1993. 

[0028] The preferred transition metal components of the catalyst of the invention are those of Group 4, particularly, 
20 zirconium, titanium and hafnium. The transition metal may be in any oxidation state, preferably +3 or +4 or a mixture 
hereof. All the catalyst systems of the invention may be prepolymerized or used in conjunction with an additive or 
scavenging component to enhance catalytic productivity. 

[0029] For purposes of this patent specification the term "metallocene" is defined to contain one or more unsubstituted 
or substituted cyclopentadienyl or cyclopentadienyl moiety in combination with a transition metal. In one embodiment 
25 the metallocene catalyst component is represented by the general formula (C p ) m MeR n Rp wherein at least one Cp is 
an unsubstituted or, preferably, a substituted cyclopentadienyl ring even more preferably a monosubstituted cyclopen- 
tadienyl ring; Me is a Group 4, 5 or 6 transition metal; R and R' are independently selected halogen, hydrocarbyl group, 
or hydrocarboxyl groups having 1 -20 carbon atoms; m = 1 -3, n = 0-3, p = 0-3, and sum of m + n + p equals the oxidation 
state of Me. 

30 [0030] In another embodiment the metallocene catalyst component is represented by the formulas: 

(C 5 R , m )pR ,, s(C5R , m)MeQ3.p- x 

35 and 

R"s<C 6 R' m ) 2 MeQ' 

40 wherein Me is a Group 4, 5, 6 transition metal, C 5 R' m is a substituted cyclopentadienyl, each R\ which can be the 
same or different is hydrogen, alkyl, alkenyl, aryl alkylaryl or arylalkyl radical having from 1 to 20 carbon atoms or two 
carbon atoms joined together to form a part of a C 4 to C 20 ring, R" is one or more of or a combination of a carbon, a 
germanium, a silicon, a phosphorous or a nitrogen atom containing radical bridging two (CsR^) rings, or bridging one 
(C 5 R' m ) ring back to Me, when p = 0 and x = 1 , otherwise "x" is always equal to 0, each Q which can be the same or 

45 different is an aryl, alkyl, alkenyl, alkylaryl, or arylalkyl radical having from 1 to 20 carbon atoms or halogen, Q l is an 
alkylidene radical having from 1-20 carbon atoms, s is 0 or 1 and when s is 0, m is 5 and p is 0, 1 or 2 and when s is 
1, m is 4 and p is 1. 

[0031] While any metallocene catalyst component can be used in the invention the monosubstituted metallocenes 
are preferred over the disubstituted. However, the disubstituted and polysubstituted metallocenes still are better than 
so counterpart catalyst systems, such as Ziegler-Natta systems, produced in accordance with prior art methods. In a 
further embodiment the preferred metallocene catalyst component of the invention is represented by the formulas: 

(C 5 H n R')R" s (C 5 H n R')MeQ 2 

55 

and 
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R"(C 5 H n R , ) 2 MeQ' 

wherein Me is a Group 4, 5, 6 transition metal, each FT, which can be the same or different, is hydrogen, alkyl, alkenyl, 
5 aryl, alkylaryl or arylalkyl radical having from 1 to 20 carbon atoms, R" is one or more of or a combination of a carbon, 
a germanium, a silicon, a phosphorous or a nitrogen atom containing radical bridging two (C 5 H 4 R') rings, each Q which 
can be the same or different is an aryl, alkyl, alkenyl, alkylaryl, or arylalkyl radical having from 1 to 20 carbon atoms 
or halogen, Q' is an alkylidene radical having from 1 -20 carbon atoms; s is 0 or 1 , when s = 1 , then n = 3, when s = 0, n = 4. 
[0032] In another embodiment the metallocene catalyst component is represented by the formula: 

10 

R ,, (C 5 H 3 R') 2 MeQ 2 

wherein Me is a Group 4, 5, 6 transition metal, each R\ which can be the same or different, is hydrogen, alkyl, alkenyl, 
15 aryl, alkylaryl or arylalkyl radical having from 1 to 20 carbon atoms, R" is one or more of a combination of carbon, a 
germanium, a silicon, a phosphorous or a nitrogen atom containing radical bridging the (C^Rm) ring back to Me, each 
Q which can be the same or different is an aryl, alkyl, alkenyl, alkylaryl, or arylalkyl radical having from 1 to 20 carbon 
atoms or halogen. 

[0033] For the purposes of this patent specification, the terms "cocatalysts" and "activators" are used interchangeably 

20 and are defined to be any compound or component which can activate a bulky ligand transition metal compound or a 
metallocene, as defined above. It is within the scope of this invention to use, in addition to using alumoxane, ionizing 
ionic activators or compounds such as tri (n-butyl) ammonium tetra (pentafluorophenyl) boron, which ionize the neutral 
metallocene compound. Such ionizing compounds may contain an active proton, or some other cation associated with 
but not coordinated or only loosely coordinated to the remaining ion of the ionizing ionic compound. Such compounds 

25 and the like are described in EP-A-0520 732, EP-A-0 277 003 and EP-A-0 277 004, and U.S. Patent Nos. 5,153,157, 
5,198,401 and 5,241,025 and are all herein fully incorporated by reference for purposes of U.S. patent practice.. 
[0034] For purposes of this patent specification the terms "carrier" and "support" are interchangeable and can be 
any support material, preferably a porous support material, capable of containing water, absorbed or adsorbed, such 
for example, talc, inorganic oxides, inorganic chlorides and resinous support materials such as polyolef in or polymeric 

30 compounds or other organic support materials. 

[0035] The preferred support materials are inorganic oxide materials which include those from the Periodic Table of 
Elements of Groups 2, 3, 4, 5, 13 or 14 metal oxides. In a preferred embodiment, the catalyst support material include 
silica, alumina, silica-alumina, and mixtures thereof. Other inorganic oxides that may be employed either alone or in 
combination with the silica, alumina or silica-alumina are magnesia, titania, and zirconia. Other suitable support ma- 

35 terials can be employed such as, finely divided polyolefins, such as polyethylene or polymeric compounds and inorganic 
compounds such as magnesium dichloride. 

[0036] In accordance with this invention the support material preferably has a water content in the range of from 3 
weight percent to 27 weight percent based on the total weight of the support material and water contained therein, 
preferably in the range of from 7 weight percent to 1 5 weight percent, and most preferably in the range of from 9 weight 
40 percent to 1 4 weight percent. The amount of water contained within the support material can be measured by techniques 
well known in the art, such as by loss on ignition (LOI). 

Preparation of the Catalyst Used to Produce the Resins 

45 [0037] In the method of making the preferred catalyst system of the invention, the support material is first contacted 
with a component capable of forming an activator for the metallocene catalyst component, as previously discussed. 
[0038] In one embodiment, the preferred component is an organometallic compound of Group 1 , 2, 3 and 4 organo- 
metallic alkyls, alkoxides, and hatides. The preferred organometallic compounds are lithium alkyls, magnesium alkyls, 
magnesium alkyl halides, aluminum alkyls, silicon alkyl, silicon alkoxides and silicon alkyl halides. The more preferred 

so organometallic compounds are aluminum alkyls and magnesium alkyls. The most preferred organometallic compounds 
are aluminum alkyls, for example, triethylaluminum (TEAL), trimethylaluminum (TMAL), tri-isobutylaluminum (TIBAL) 
and tri-n-hexylaluminum (TNHAL). 

[0039] The most preferred organometallic compounds are those that when contacted with the water containing sup- 
port material of the invention form an oxy-containing organometallic compound represented by the following general 
55 formula: 

(R-AI-0) n 
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which is a cyclic compound and 



R (R-Al-0) n AIR 2 



which is a linear or non-cyclic compound and mixtures thereof including multidimensional structures. In the general 
formula R is a to C 12 alkyl group such as for example methyl, ethyl, propyl, butyl, pentyl, hexy!, octyl, nonyl and n 
is an integer from 1 to 20. The most preferred oxy containing organometallic compounds are alumoxanes, for example 
methyl alumoxane and/or ethylalumoxane. 
10 [0040] In the preferred embodiment the support material is introduced to a solution of an organometallic compound 
such that the temperature of the solution containing the organometallic compound remains substantially constant 
throughout the introduction of the support material such that the temperature is always within the temperature ranges 
described below. 

[0041] Into a 1 liter flask equipped with mechanical stirrer, 1 80 ml of TMAL in heptane solution (15 wt%) and 90 ml 
15 of heptane were charged. The solution was cooled and maintained at a temperature of 45°F (7.2°C). A 40 g sample 
of silica gel (Davison D-948 with average particle size of 70 micron) which contained 12.5 wt% of water was slowly 
added into the flask over 70 minutes. The mole ratio TMAL/H 2 0 was 0.91. Next, 0.9 g of (n-BuCp) 2 ZrCI 2 was slurried 
in 20 ml of heptane and then added into the vessel. The mixture was allowed to react at 165°F (74°C) for 1 hour. At 
the end of the reaction, the solid was dried by nitrogen purging. A free flowing solid was obtained at the end of the 
20 preparation. 

The Process Used to Produce the Resins 

[0042] The resins used in the present invention preferably produced using a continuous slurry process. Such con- 
25 tinuous, slurry polymerization processes are well known to those skilled in the art. A slurry polymerization process 
generally uses pressures in the range of 1 to 500 atmospheres and even greater and temperatures in the range of 
-60°C to 280°C. In a slurry polymerization, a suspension of solid, particulate polymer is formed in a liquid polymerization 
medium to which ethylene and comonomers and often hydrogen along with catalyst are added. The liquid employed 
in the polymerization medium can be an alkane or cycloalkane, or an aromatic hydrocarbon such as toluene, ethyl- 
30 benzene or xylene. The medium employed should be liquid under the conditions of polymerization and relatively inert. 
Preferably, hexane or isobutane is employed. Table I sets forth the operating parameters used in producing the poly- 
ethylene resin grades (Resin A and Resin B) of the present invention. Note that Resin A and Resin B contain a small 
amount of hexene comonomer. Those skilled in the art will appreciate that other polymerization processes may be 
used to produce the resins, such as gas-phase fluidized-bed polymerization and solution polymerization. 
35 [0043] The comonomers can include butene not limited to a-olefins having 3 to 20 carbon atoms, 4 to 8 carbon atoms 
are preferred. Preferred a-olefins are 1 -butene, 4-methyl-1 -pentene, 1 -hexene, and 1-octene, one or more of these 
comonomers may be added to the ethylene. If included in the HDPE, the monomers will be present up to 6 mole 
percent, based on the total moles of copolymer, preferably up to 3 mole percent. 

40 Characteristics of the Resins 

[0044] The films of this invention are also distinguishable from known films made from traditional Ziegler-Natta or 
chromium based resins on the basis of their molecular weight distribution or polydispersity index as represented by 
(the ratio of the weight average molecular weight (M w ) to the number average molecular weight (M n )) VAJM^ The UJ 

45 M n of the resins of the present invention is generally narrower than that of resins produced using traditional Ziegler-Natta 
orchromium type catalysts. The polydispersity index of the resins of the present invention are typically in the range of 
from 1 .5 to 3, compared to a range of 3 and above for most known traditional Ziegler-Natta or chromium type catalyzed 
resins. In this regard the present resins are substantially different from many commercially available resins produced 
using these traditional Ziegler-Natta or chromium catalysts or catalyst systems. In addition, the tails of the molecular 

so weight distribution curve for the resin described herein are considerably smaller than those of known Ziegler-Natta or 
chromium catalyzed polyethylenes. This distinction is readily apparent by comparing the ratio of M z /M w (M 2 /M w repre- 
sents the ratio of the third moment of the molecular weight distribution curve (z average molecular weight) to the second 
moment) and M z+1 /M w (M z+1 /M w represents the ratio of the fourth moment (z+1 is the fourth moment of the molecular 
weight distribution curve) to the second moment). Utilizing the present invention, resins can be produced with an M z / 

55 M w less than 2.5, usually less than 2.0 and most typically in the range of from 1 .4 to 1 .9. In contrast, the ratio of M 2 / 
for Ziegler-Natta catalyzed resins is typically above 2.5. Similarly, the value of M z+1 /M w for the present resins is 
less than 4.0, usually less than 3.0 and most typically in the range of from 2.0 to 3.0. For Ziegler-Natta catalyzed resins 
M z+1 /M w is generally higher, typically above 4.0. Table I provides further data regarding M z , M w , M z+1 for the resins of 
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this invention and also for some commercially available resins. 

[0045] Those skilled in the art will appreciate that there are several methods available for determining the molecular 
weight distribution of a polyethylene sample. For the purpose of Table I and other references to M w , M 2 and M 2+1 given 
in this application and the appended claims, molecular weight distribution is determined with a Waters Gel Permeation 
Chromatography equipped with ultrastyro gel columns operated at 145°C. Trichlorobenzene is used as the eluting 
solvent The calibration standards are sixteen polystyrenes of precisely known molecular weight, ranging from a mo- 
lecular weight of 500 to a molecular weight of 5.2 million. NBS 1 475 polystyrene was also used as a calibration standard. 
[0046] The volatiles of high density polyethylenes and films and containers made from them are of importance in 
food packaging applications generally from an odor and/or taste perspective, known as organoleptics. 
[0047] Tests for determining the volatiles may be run using analytical equipment and methods outlined in the Exam- 
ples below. Analysis is accomplished by short path thermal desorption (SPTD) Gas Chromatography/Mass Spectros- 
copy (GC/MS). 

[0048] Typical levels of volatiles are shown in Table 1 . 

[0049] The present invention metallocene-catalyzed high density polyethylenes display < C 20 volatiles of less than 
25% of those of the comparative (Z-N) polyethylenes. Additionally, the hexadecene levels of the present invention 
resins are less than 25% of those generally found in traditionally Z-N catalyzed polyolefins. The < C 20 (GC/MS) levels 
in films or containers of the inventive resin will be generally less than 100 wppm, preferably less than 75 wppm, more 
preferably less than 60 wppm. The hexadecene (GC/MS) levels in films or containers will generally be less than 12 
wppm preferably less than 10 wppm, more preferably less than 7.5 wppm, most preferably less than 5 wppm. 
[0050] The melt index of the resins of the invention are generally in the range of 0.01 to 1 00 dg/min, preferably 0.02 
to 50 dg/min, more preferably 0.1 to 20 dg/min and even more preferably 0.5 to 10 dg/min. 

Properties of films produced from the resins 

[0051] The resins produced using the metallocene catalyst described above are in many applications markedly su- 
perior to commercially available products. These resins are particularly useful in film applications. Table I sets forth the 
properties of films (Examples 1 and 2) of the present invention (metallocene-catalyzed HDPE resins) and compares 
these properties to the corresponding properties of films produced using commercially available resins (Examples 3 
and 4) derived from conventional Ziegler-Natta catalysts. 

[0052] In one embodiment of the present invention certain films and other fabricated articles have higher water vapor 
transmission resistance than comparable articles made from traditional Ziegler-Natta produced materials at the same 
or similar density. This can be seen in Figure II which plots WVTR as a function of film density. Also of interest, are the 
curves of WVTR for various films as a function of film thickness (Figure II). For the purposes of this patent specification 
WVTR tests were performed on a MOCON permatron developed by Modern Controls, Inc. using ASTM F 372-73 at 
100°F (378°C) and 100% relative humidity. 

[0053] The WVTR's of the films of an embodiment of the invention are generally up to 0.54 g.mil/1 00 in^/day (0.21 3 
mm/m 2 /day) Preferably up to 0.50 g.mil/1 00 in2/day (0.197 g.mm/m2/day). More preferably up to 0.4 g.mil/1 00 in*/ 
day (0 158 g mm/rrvVday). Most preferably up to 0.35 g.mil/1 00 in2/day (0.138 g.mm/m2/day). This particular attribute 
is most pronounced in films having densities greater than 0.935 g/cm3 preferably greater than 0.940 g/cm3 In one 
embodiment the WVTR for the films of this invention are represented by the following general empirical formula derived 
from Figure II. Metallocene catalyzed resins of the present invention: 

WVTR (g.mil/1 00in 2 /day) = 16.224 - 16.881 (resin density (g/cm )) 

(WVTR g.mm/m 2 /day = 6392.3 - 6651 .1 (resin density (g/cm 3 )). 
Ziegler-Natta catalyzed resins: 



3 

WVTR (g.mil/1 00in 2 /day) = 13.013 - 13.115 (resin density (g/cm )) 



(WVTR g.mm/m 2 /day) = 5127.1 - 5167.3 (resin density (g/cm 3 )). 

[0054] It is not beyond the scope of the invention to blend or coextrude the resins of the films of the invention with 
other materials such as linear polyethylenes (HDPE, MDPE, LLDPE), low density polyethylene (LDPE), polypropylene 
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(PP) (homopolymers and copolymers), polybutene (PB), ethylene vinyl acetate (EVA), and the like to fabricate useful 
articles. The films of the invention include blown or cast films in mono-layer or multilayer constructions formed by 
coextrusion or lamination. The HDPE resin described by the present invention may be produced by mixed catalysts, 
may be resins blended in a reactor, or may be blended in post-reactor operations. 

[0055] The resin and product properties recited in this specification were determined in accordance with the following 
test procedures. Where any of these properties is referenced in the appended claims, it is to be measured in accordance 
with the specified test procedure. 



Property 


Units 


Procedure 


Melt Index 


dg/min 


ASTM D-1 238(E) 


Density 


g/cm 3 


ASTM D-1 505 


Tensile @ Yield 


psi 


ASTM D-882 


Elongation @ Yield 


% 


ASTM D-882 


Tensile @ Break 


psi 


ASTM D-882 


Elongation @ Break 


% 


ASTM D-882 


1% Secant Modulus 


kpsi 


ASTM D-882 


Dart Impact Strength 


g/mil 


ASTM D-1 709 
-75, method A 


Elmendorf Tear Resistance 


g/mil 


ASTM D-1 922* 
-85 


Total Energy Impact 


ft-lb 


ASTM D-4272 


Water Vapor Transmission Rate 


g mil/1 00 in 2 /day 


ASTM F 372-73 



* Lowest reading, not average. 

[0056] Whilethe present invention has been described and illustrated by reference to particular embodiments thereof, 
it will be appreciated by those of ordinary skill in the art that the invention lends itself to variations not necessarily 
illustrated herein. For example, it is not beyond the scope of this invention to include additives with the claimed films 
or containers or to blend or coextrude resins to form the claimed films or containers with other polymers or even laminate 
the claimed films to other materials such as metal foils, paper, other polymer films and combinations thereof. For this 
reason, then, reference should be made solely to the appended claims for purposes of determining the true scope of 
the present invention. 

EXAMPLES 

Example I 

[0057] HDPE films are made utilizing the following conditions, materials and equipment: 



Extruder 



Extruder Conditions 



2Y2 inch (6.35) Egan blown film line 

60 mil (1524 u.) die gap, 6 inch (15.24 cm) Uniflow® die and air ring 
93 Ib/hr (42.3 Kg/hr), blow up ratio (BUR) 2:2 



[0058] Examples 1 and 2 inventive examples: 



Example 1 
Example 2 



2.0 dg/min. Ml 
0.941 g/cm 3 density 
0.75 dg/min. Ml 
0.951 g/cm 3 density 



[0059] Examples 1 and 2 made according to the description of the present invention. 
[0060] Examples 3 and 4 (comparative examples): 
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Example 3 


LM 6186-00 (Quantum Chemical Co.) 




0.80 dg/min. Ml 




0.960 g/cm 3 density 


Example 4 


LM 6187-00 (Quantum Chemical Co.) 




1.15 dg/min. Ml 




I 0.960 g/cm 3 density 



GC/MS Experimental: 

Thermal Desorption - Direct Liquid - Purge and Trap GC/MS 

[0061] Trace levels of volatile organics in polyolefins can be measured to low part per billion (ppb) levels using the 
various sampling methods available with Gas Chromatography using Mass Spectrometer (GC/MS) as a detector. Sam- 
ples are introduced to the GC using thermal desorption sampling techniques. 

[0062] Short Path Thermal Desorption Sampling - The short path thermal desorption instrument (Short Path Thermal 
Desorption Model TD-2 / Scientific Instrument Services Inc.) passes carrier gas over the heated sample, which strips 
volatile organics from the polymer matrix and deposits them directly on the column. The first step in the thermal des- 
orption sampling process is a cleaning step. Each sampling tube ( 3/16" id X4 M ) (0.48 cm x 10.16 cm) long metal tube 
is loaded with a glass wool plug) is heated to 300°C to bake off any volatile contaminants. Next, the tube is charged 
with a polymer sample which will vary in size depending on the analysis (50 mg is a typical size). Then the sample is 
purged with the Helium carrier gas for 2 min. to eliminate oxygen from the tube. This is necessary to prevent oxidative 
degradation of the sample during the desorption process. Finally, the sample is heated to a desorption temperature of 
250°C for 1 0 min. while carrier is passing over the sample and onto the column. The volatiles stripped from the polymer 
are concentrated (focused) at the head of a cryogenically cooled GC column. 



GC Equipment and Conditions: 

[0063] The GC employed for these analyses is a Hewlett-Packard 5890 GC (cryogenic oven) for GC/MS. For a typical 
analysis the GC injector is heated to 275°C. The oven program is -50°C (0 min), ramp rate = 5°C/min., the final tem- 
perature is 300°C, the final temperature was held for 15 min. The volatiles are separated according to their boiling 
points using a DB-5MS capillary column (30 m X 0.25 mm X 1 u,m)/J & W Scientific. 

Mass Spectrometer Equipment and Operation: 

[0064] Mass Spectrometry detection is performed using Hewlett-Packard 5970B MSD. The MS is operated in full 
spectrum mode for all general analyses. The identity of elutes <C 20 was determined by comparison with a normal 
hydrocarbon boiling point standard. Response factors used for quantification were determined from the normal hydro- 
carbon boiling point standard. 

[0065] Test procedures: the tests disclosed above were used to obtain the results shown on Table I. As can be seen 
from Table I, Example 1 has improved Dart Drop Impact resistance, more balanced Elmendorf Tear (MD/TD closer to 
1 ) than comparative Examples 3 and 4 while the WVTR is substantially the same. Also of note is that Examples 1 and 
2 at lower densities have superior WVTR than the higher density comparative examples (Examples 3 and 4). 



TABLE I 



Sample Identification 


Example 1 


Example 2 


Comparative 


Comparative 






Example 3 


Example 4 


Material 


M-HDPE 


M-HDPE 


LM 6186-00 


LM 6187-00 


Resin Density, g/cm 3 


0.941 


0.951 


0.96 + 


0.96 + 


Film Density, g/cm 3 


0.937 


0.942 






WVTR (g-mil/100in 2 /day) 


0.47 


0.32 


0.50 


0.39 


(g-mm/m 2 /day) 


(0.19) 


(0.13) 


(0.20) 


(0.15) 


Tensile 










Tensile @ Yield (psi) MPa 










MD 


(2.8) 19.3 


(3.5) 24.1 
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TABLE I (continued) 



Rflmnlp Iripntif [nation 


Examole 1 


ExamDle 2 


Comparative 
Example 3 


Comparative 
Example 4 


TD 


(3 0^ 20 7 


(4 6} 31 7 






1 lltimat£> TipriQil^ /kn^i^ MPa 
kJ i ill l idle id ioiiu y i\po I j ivir a 










iwin 

IVI VJ 


(5 3} 36 5 


(9 0} 62 


(4.5) 31 


(4 6) 31 7 


1 VJ 


/c 34 4 


y r . O j \J\J . o 


(3 7) 25 5 


f3 6^ 24 8 


Flnnnatinn <2? Yiplrl 










yn 




•j 






1 U 


c 


e 






Drool/ Clnnnof inn f®/~. \ 

breaK tionyaiion \ /o) 








- 


Min 

IVIU 


ri n 

U 1 KJ 




41 0 


4Q0 


Tn 

1 u 


667 


760 






i /o oecani (Kpsi; ivira 










Nil) 


/QA\ R/lfi 

(y4; O4o 


M 01 ^ QOO. 


QQQ 


M /11 A Q71 

^ i *+ i ) y / i 


I u 


/QQ\ epo . 

(yy; Do^ 


^ i oyj i ouu 


M ft3^ 1960 


^ l OC7^ 1 1 OH 


Llo7a 

naze 


oo. / 


11 R 






internal naze 


11 .V 


o.o 






Gloss 










1 t impaCI IS? rl 1 (Tl-IDS; J 


(U.OU) U.D/ O 


ic\ isw n s>43 






taauge (mils (|J.m)) Average 


(1 .£.0 ) <S£ 


/1 1 fi\ OQ 
^ I . I O) 


H C\ OQ 

^ 1 .O) oo 


^ 1 .0/ OO 


timenaon iear (g/mnj g//w 










MD 


(31) 1 .22 


(2u) u. /y 


/ho o\ n co 
^1 o.o; U.o*i 


ho o\ n co 
p o.o; U.o2 


TD 


(54) 2.1 3 


(obo) 14. o 


/OQQ\ Q i "7 

^oo) y.i / 


M 00\ C O/l 

(loo) o.^4 


Dart Drop (g/mil) g/M 


(49) 1.93 




(32) 1.26 


(46) 1 .81 I 


Melt Index, g/10 min. 


2.0 


0.78 


0.80 


1.15 


Volatiles @ 250° C 










< C 20 (* WPPM) 


57.4 


57.4 




244.7 


hexadecene (WPPM) 


2.6 


4.1 




19.2 


HLMI (dg/min) 


32 


13.4 






MIR 


15.8 


17.2 






M w 


87,700 


118,100 






M n 


38,700 


46,500 
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Claims 



45 



A food covered with a film said film comprising at least one layer, said film including an ethylene polymer, said 
ethylene polymer having a density in the range of 0.935 g/cm 3 to 0.965 g/cm 3 and a WVTR up to 0.54 g. mil/1 00 
in 2 /day (0.213 g.mm/m 2 /day) as measured by ASTM P 372-73; wherein said ethylene polymer has an M 2 /M n less 
than 2.5, said ethylene polymer having volatile levels not exceeding 100 wppm of < C 20 , and not exceeding 10 
wppm of hexadecene. 



50 



55 



2. 



3. 



The food of Claim 1 wherein said ethylene polymer is a copolymer of ethylene and an ot-oiefin, said ce-olefin present 
in said copolymer up to 6 mole percent based on the total moles of said ethylene polymer, and wherein said cc- 
olefin is selected from the group consisting of 1-butene, 4-methyl-1-pentene, 1-hexene, 1-octene, and 1-decene. 

The food of Claim 1 wherein said film has a M z /M w in the range of from 1.4 to 1 .9, wherein said film has as M z+1 / 
M w in the range of from 2 to 3, wherein said film has volatiles of a < C 20 component less than 75 wppm, and a 
hexadecene component less than 7.5 wppm. 



4. The food of Claim 1 wherein said film has a M^Mn less than 3, a M z /M w less than 2.0, a volatiles level of < C 20 
less than 60 wppm and a volatiles level of hexadecene less than 5 wppm, wherein said film has a water vapor 
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transmission rate less than 0.4 g.mil/1 00 in 2 /day (0.158 g.mm/m 2 /day). 

5. The food of Claim 1 wherein said film is a multi-layer film. 

6. The food of Claim 5 wherein said multi-layer film includes a heat seal layer. 

7 The food of Claim 6 wherein said heat seal layer is selected from the group consisting of ethylene vinyl acetate, 
ethylene ethyl acrylate, ethylene methyl acrylate, ethylene butyl acrylate and combinations thereof. 

8. A food consisting essentially of: 

a) a food; and 

b) a package covering and in contact with said food, said package including a polyethylene, sa.d polyethylene 
having: 

/) a density in the range of from 0.935 g/cm 3 to 0.965 g/cm 3 ; 

ii) a WVTR up to 0.54 g.mil/1 00 in 2 /day (0,213 g.mm/m 2 /day) as measured by ASTM P 372-73; 

///) a M,/M w up to 3; 

/V) a M z /M w less than 2; 

v) a M z+1 /M w in the range of from 1 .4 to 1 .9; 

w) a < C 20 volatiles content less than 75 wppm; and 

vii) a hexadecene volatiles content less than 7.5 wppm. 

9. A cleaning compound comprising: 

a) a cleaning compound; 

b) a container, covering and in contact with said cleaning compound, said container including a polyethylene, 
said polyethylene having: 

i) a density in the range of from 0.935 g/cm 3 to 0.965 g/cm 3 ; 

ii) a WVTR up to 0.54 g.mil/1 00 in 2 /day (0.213 g.mm/m 2 /day) as measured by ASTM P 372-73; 
Hi) a M n /M w less than 3; 

iv) a M z /M w less than 2; 

v) a M z+1 /M w in the range of from 1 .4 to 1 .9; 

vi) a < C 20 volatiles content less than 100 wppm; and 

vii) a hexadecene volatiles content less than 10 wppm. 

1 0 The cleaning compound container of Claim 9 wherein said cleaning compound is selected from the group consisting 
" of bleach, laundry detergent, dishwashing detergent, household cleaning compound, glass cleaner, and combina- 
tions thereof; and wherein said WVTR is up to 0.4 g.mil/1 00 irfVday (0.158 g.mm/m 2 /day). 



Patentanspruche 

1 Lebensmittel, das mit einer Folie bedeckt ist, wobei die genannte Folie wenigstens eine Schicht umfaBt, die ge- 
nannte Folie ein Ethylenpolymer umfaBt, das genannte Ethyienpolymer eine Dichte im Bereich von 0,935 g/cm 3 
bis 0,965 g/cm 3 und einen WVTR-Wert von bis zu 0,54 g-mil/100 in 2 ATag (0,21 3 g.mm/m 2 /Tag), gemessen gemaB 
ASTM P 372-73, besitzt, wobei das genannte Ethylenpolymer einen M^M^Wert von weniger als 2,5 besitzt, das 
Ethylenpolymer einen Gehalt an fluchtigen Bestandteilen von nicht mehr als 100 wppm <C 20 und nicht mehr als 
10 wppm Hexadecen besitzt. 

2 Lebensmittel nach Anspruch 1 , wobei das Ethylenpolymer ein Copolymer aus Ethylen und einem a-Olefin ist, das 
genannte ot-Olefin in dem genannten Copolymer bis zu 6 Molprozent ausmacht, bezogen auf die Gesamt-Molzahl 
des genannten Ethylenpolymers, und wobei das genannte a-Olefin ausgewahlt ist aus der Gruppe, bestehend 
aus 1-Buten, 4-Methyl-1-penten, 1-Hexen, 1-Octen und 1-Decen. 

3 Lebensmittel nach Anspruch 1, wobei die genannte Folie einen M z /M w -Wert im Bereich von 1,4 bis 1,9 besitzt, 
wobei die genannte Folie einen M z+1 /M w -Wert im Bereich von 2 bis 3 besitzt, wobei die genannte Folie weniger 
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als 75 wppm einer fluchtigen <C 20 -Komponente und weniger als 7,5 wppm einer fluchtigen Hexadecen-Kompo- 
nente enthalt. 

4. Lebensmittel nach Anspruch 1 , wobei die genannte Folie einen M^Mp-Wert von weniger als 3 besitzt, einen M z / 
M w -Wert von weniger ais 2,0 besitzt, einen Gehalt an fluchtigen Bestandteilen von weniger als 60 wppm <C 20 und 
von weniger als 5 wppm Hexadecen, wobei die genannte Folie eine WasserdampfdurchlaBrate von weniger als 
0,4 g-mil/100 in 2 /Tag (0,158 gmm/m 2 /Tag) hat. 

5. Lebensmittel nach Anspruch 1 , wobei die genannte Folie eine mehrschichtige Folie ist. 

6. Lebensmittel nach Anspruch 5, wobei die genannte mehrschichtige Folie eine HeiBsiegelschicht umfaBt. 

7. Lebensmittel nach Anspruch 6, wobei die genannte HeiBsiegelschicht ausgewahlt ist aus der Gruppe, bestehend 
aus Ethylenvinylacetat, Ethytenethylacrylat, Ethylenmethylacrylat, Ethylenbutylacrylat und Kombinationen davon. 

8. Lebensmittel, bestehend im wesentlichen aus: 

a) einem Lebensmittel und 

b) einer Verpackung, die das genannte Lebensmittel bedeckt und dieses beruhrt, wobei die Verpackung ein 
Polyethylen umfaBt, wobei das Polyethylen besitzt: 

i) eine Dichte im Bereich von 0,935 g/cm 3 bis 0,965 g/cm 3 , 

ii) einen WVTR-Wert von bis zu 0,54 g.mil/1 00 in 2 /Tag (0,21 3 g-mm/m 2 /Tag), gemessen gemaB ASTM P 
372-73, 

Hi) einen M n /M w -Wert von bis zu 3, 

iv) einen M^M^Wert von weniger als 2 

v) einen M z+1 /M w -Wert im Bereich von 1 ,4 bis 1 ,9, 

vi) einen Gehalt an fluchtigen <C 20 -Bestandteilen von weniger als 75 wppm und 

vii) einen Gehalt an fluchtigem Hexadecen von weniger als 7,5 wppm enthalt. 

9. Reinigungsverbindung, umfassend: 

a) eine Reinigungsverbindung, 

b) einen Behalter, der die genannte Reinigungsverbindung bedeckt und diese beruhrt, wobei der Behalter ein 
Polyethylen umfaBt, wobei das Polyethylen besitzt: 

i) eine Dichte im Bereich von 0,935 g/cm 3 bis 0,965 g/cm 3 , 

ii) einen WVTR-Wert von bis zu 0,54 g-mil/100 in 2 /Tag (0,213 g-mm/m 2 /Tag), gemessen gemaB ASTM P 
372-73, 

Hi) einen M n /M w -Wert von weniger als 3, 

iv) einen M z /M w -Wert von weniger als 2 

v) einen M z+1 /M w -Wert im Bereich von 1,4 bis 1 ,9, 

vi) einen Gehalt an fluchtigen <C 20 -Bestandteilen von weniger als 1 00 wppm und 

vii) einen Gehalt an fluchtigem Hexadecen von weniger als 10 wppm enthalt. 

10. Reinigungsverbindungsbehalter nach Anspruch 9, wobei die genannte Reinigungsverbindung ausgewahlt ist aus 
der Gruppe, bestehend aus Bleiche, Waschmittel, Geschirrspulmittel, Haushaltsreinigerverbindung, Glasreiniger 
und Kombinationen davon, und wobei der WVTR-Wert bis zu 0,4 g-mil/100 in 2 /Tag (0,158 g-mm/m 2 /Tag) betragt. 



R even di cations 

1. Aliment recouvert avec un film, ledit film comprenant au moins une couche, ledit incluant un polymere Methylene, 
ledit polymere d'ethylene ayant une masse volumique dans la gamme de 0,935 g/cm 3 a 0,965 g/cm 3 et une Vitesse 
de transmission de la vapeur d'eau (WVTR) allant jusqu'a 0,213 g.mm/m 2 /jour (0,54 g.mil/1 00 pouces 2 /jour) telle 
que mesuree par la methode ASTM P 372-73 ; dans lequel ledit polymere d'ethylene a un rapport M z /M n inferieur 
a 2,5, ledit polymere d'ethylene ayant des teneurs en substances volatiles ne depassant pas 100 ppm en poids 
de <C 20 et ne depassant pas 10 ppm en poids d'hexadecene. 
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Aliment selon la revendication 1, dans lequel ledit polymere d'ethylene est un copolymere d'ethylene et d'une ct- 
olefine, ladite a-olefine etant presente dans ledit copolymere jusqu'a 6 % en moles par rapport aux moles totales 
dudit polymere d'ethylene, et dans lequel ladite a-olefine est choisie dans le groupe constitue par le 1-butene, le 
4-methyl-1-pentene, le 1-hexene, le 1-octene et le 1-decene. 

Aliment selon la revendication 1 , dans lequel ledit film a un rapport M z /M w dans la gamme de 1 ,4 a 1 ,9, dans lequel 
ledit film a un rapport M 2+1 /M w dans la gamme de 2 a 3, dans lequel ledit film a des substances volatiles d'un 
constituant <C 20 a moins de 75 ppm en poids, et un constituant hexadecene a moins de 7,5 ppm en poids. 

Aliment selon la revendication 1 , dans lequel ledit film a un rapport M^Mp inferieur a 3, un rapport M z /M w inferieur 
a 2,0, une teneur en substances volatiles <C 20 inferieure a 60 ppm en poids et une teneur en substances volatiles 
d'hexadecene inferieure a 5 ppm en poids, dans lequel ledit film a une vitesse de transmission de la vapeur d'eau 
inferieure a 0,158 g.mm/m 2 /jour (0,4 g.mil/100 pouces 2 /jour). 

Aliment selon la revendication 1 , dans lequel ledit film est un film multicouche. 

Aliment selon la revendication 5, dans lequel ledit film multicouche inclut une couche thermoscellee. 

Aliment selon la revendication 6, dans lequel ladite couche thermoscellee est choisie dans le groupe constitue par 
ethylene acetate de vinyle, ethylene acrylate d'ethyle, ethylene acrylate de methyle, ethylene acrylate de butyle 
et des combinaisons de ceux-ci. 

. Aliment essentiellement constitue par : 

a) un aliment ; et 

b) un conditionnement recouvrant et en contact avec ledit aliment, ledit conditionnement incluant un polye- 
thylene, ledit polyethylene ayant : 

i) une masse volumique dans la gamme de 0,935 g/cm 3 a 0,965 g/cm 3 ; 

it) une WVTR allant jusqu'a 0,21 3 g.mm/m 2 /jour (0,54 g.mil/1 00 pouces 2 /jour) telle que mesuree par ASTM 
P372-73; 

iii) un rapport Mn/M w allant jusqu'a 3 ; 

iv) un rapport M z /M w inferieur a 2 ; 

v) un rapport M z+1 /M w dans la gamme de 1, 4 a 1 ,9 ; 

vi) une teneur en substances volatiles <C 20 inferieure a 75 ppm en poids ; et 

vii) une teneur en substances volatiles d'hexadecene inferieure a 7,5 ppm en poids. 

9. Compose nettoyant comprenant ; 

a) un compose nettoyant ; 

b) un recipient, recouvrant et en contact avec ledit compose nettoyant, ledit recipient incluant un polyethylene, 
ledit polyethylene ayant : 

i) une masse volumique dans la gamme de 0,935 g/cm 3 a 0,965 g/cm 3 ; 

ii) une WVTR allant jusqu'a 0,21 3 g.mm/m 2 /jour (0,54 g.mil/1 00 pouces 2 /jour) telle que mesuree par ASTM 
P372-73; 

iii) un rapport M n /M w inferieur a 3 ; 

iv) un rapport IvyM^, inferieur a 2 ; 

v) un rapport M z+1 /M w dans la gamme de 1 ,4 a 1 ,9 ; 

vi) une teneur en substances volatiles <C 20 inferieure a 100 ppm en poids ; et 

vii) une teneur en substances volatiles d'hexadecene inferieure a 10 ppm en poids. 

10. Recipient pour compose nettoyant selon la revendication 9, dans lequel ledit compose nettoyant est choisi dans 
le groupe constitue par un agent de blanchiment, un detergent pour lessive, un detergent pour lavage de vaisselle, 
un compose nettoyant menager, un nettoyant pour verre et des combinaisons de ceux-ci ; et dans lequel ladite 
WVTR va jusqu'a 0,1 58 g.mm/m 2 /jour (0,4 g.mil/1 00 pouces 2 /jour). 
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